Introduction
============

Adhesive capsulitis (AC) is a common, painful condition of the shoulder that is associated with loss of range of motion (ROM) in the glenohumeral (GH) joint. It results from contraction of the GH joint capsule and adherence to the humeral head. [@JR1603098-1]

AC has traditionally been characterized as primary or secondary resulting from an underlying condition, such as diabetes mellitus (DM), rotator cuff tendinopathy or tear, subacromial bursitis, biceps tendinopathy, previous shoulder surgery or trauma, and systemic inflammatory diseases. [@JR1603098-2] [@JR1603098-3] The incidence of AC is approximately 3% in the general population; it is rare in children, and peaks between 40 and 70 years of age. [@JR1603098-4] It is very common in persons with diabetes. [@JR1603098-5]

Type 1 DM (T1DM) results from an autoimmune destruction of insulin-producing β cells. [@JR1603098-6] Although T1DM accounts for 5 to 10% of the total burden of DM, it is the predominant endocrine disease in childhood and adolescence. There are approximately 500,000 children aged under 15 years with T1DM in the world. [@JR1603098-7] Worldwide, the incidence of T1DM has increased, on average, 3% per year between 1960 and 1996 in children under 15 years of age. [@JR1603098-8] This trend is especially troublesome in the youngest children; for every 100,000 children under the age of 5 years, 4% were diagnosed every year, on average, worldwide. [@JR1603098-9]

From an epidemiological point of view, Sardinia, the second largest Italian Mediterranean island, has the second highest incidence of T1DM in the world after Finland. [@JR1603098-10] Both areas have shown significant annual increases in incidence rates over the second half of the 20th century and the beginning of the new millennium. Both populations are genetically stable implying a significant role for environmental factors. The relation between DM and AC has been shown in few previous studies. Bridgman reviewed the medical records of 800 diabetic subjects and found evidence of periarthritis in 10.8% compared with 2.3% in a control group of 600 nondiabetic subjects. [@JR1603098-11] Other authors [@JR1603098-12] found shoulder capsulitis in 20.4% of patients with insulin-dependent and in 18.3% of patients with noninsulin-dependent diabetes and in 5.3% of normal subjects. In a study of 824 type II diabetic and 320 control subjects, shoulder capsulitis was observed in 31.8 and 10.3% of subjects, respectively. [@JR1603098-13] The natural history of the disease is characterized by three distinct phases: painful, adhesive, and resolution. [@JR1603098-14]

Adhesive capsulitis appears at a younger age in patients with diabetes and is usually less painful, although it responds less well to treatment and lasts longer. [@JR1603098-15] The estimated prevalence is 11 to 30% in patients with diabetes and 2 to 10% in nondiabetics. [@JR1603098-16]

AC is associated with the duration of diabetes and age. [@JR1603098-17] Most cases of AC will resolve over time, but in the interim, management consists of adequate analgesia and intra-articular corticosteroid (CS) injections in the painful early stages, if required. Capsular distension induced by intra-articular hyaluronic acid (HA) injections or manipulation under anesthesia is occasionally considered. [@JR1603098-18] An appropriately graded, regular physiotherapy program should be maintained after the painful phase and throughout the course of the condition. For patients with loss of motion refractory to closed manipulation, arthroscopic capsular release has been shown to improve motion with minimal operative morbidity. [@JR1603098-19]

Recent study demonstrated a 350-fold difference in the incidence of T1D among 100 populations worldwide and reported age-adjusted incidences ranging from a low of 0.1/100,000 per year in China and Venezuela to a high of 36.5/100,000 in Finland and 36.8/100,000 per year in Sardinia. [@JR1603098-20]

The purpose of this study was to investigate the prevalence of shoulder AC in Sardinian patients with T1DM.

Methods
=======

In this cross-sectional study, we evaluated 943 patients (437 women, 506 men) with DM attending the division of Endocrinology and Metabolism at the University Hospital in Sassari. This study was conducted in accordance with Good Clinical Practice guidelines and principles of the Declaration of Helsinki, and all patients gave their consent for using the data. All patients had T1DM with criteria of the World Health Organization. Their ages ranged from 29 to 71 (mean ± SD: 51.33 ± 8.45 years) years. The following variables were recorded: age, gender, duration of the disease, blood pressure, and the presence of peripheral neuropathy and retinopathy. Metabolic control of DM was evaluated with glycosylated hemoglobin A ~1c~ (GHbA ~1c~ ) blood concentration. The specific symptoms of somatic peripheral symmetrical neuropathy were: pain, paraesthesia, tickling, and muscle weakness. The patients were considered to have neuropathy if they had typical symptoms and impaired vibratory sensation or if ankle jerks were absent. Nerve conduction of these patients was measured with electroneuromyography. Retinal examination was performed by experienced ophthalmologists, with fundoscopy after dilatation of the pupils with a mydriatic agent. Retinopathy was classified as normal, background, or proliferative. The criteria for AC, previously described by Pal et al, [@JR1603098-20] were: shoulder pain for at least 1 month, an inability to lie on the affected shoulder, and restricted active and passive shoulder joint movements in at least three planes.

Statistical evaluation was performed with Pearson\'s chi-squared test, Spearman\'s correlation test, Mann--Whitney U-test, independent sample *t* -test, and Wilcoxon signed-rank test. Statistical significance was defined as *p * \< 0.05.

Results
=======

AC of the shoulder was diagnosed in 331 patients (177 in men and 154 in women, [Table 1](#TB1603098-1){ref-type="table"} ); right and left sides were involved in 169 and 75 patients, respectively; in 87 patients, the disease was bilateral. The mean age was 44.4 ± 8.1 years in patients with AC and 33.9 ± 8.6 years in patients without AC ( *p*  \< 0.01). AC was not associated with gender ( *p*  = 0.24). Duration of DM in patients with and without AC was 29.3 ± 7.1 and 16.1 ± 8.4 years, respectively ( *p*  \< 0.01). Twenty percent of T1DM patients with hypertension and 6% of patients without hypertension had AC ( *p*  \< 0.01). Three percent of T1DM patients without neuropathy and 20% with neuropathy had AC ( *p*  \< 0.01). There was significant association with proliferative retinopathy ( *p*  = 0.01). There was no significant difference in mean levels of GHbA ~1c~ in patients with or without AC. AC was more frequent in patients with poor control of DM (GHbA ~1c~  \> 8%) than in patients with better controlled disease, albeit this association was not significant.

###### Clinical characteristics of T1DM patients with and without AC

  ----------------------------------------------------------------------------------------
  Study group\                      AC\                  Controls (no AC)\    *p-* Value
  *n*  = 943                        *n*  = 331 (35.1%)   *n*  = 612 (64.9%)   
  --------------------------------- -------------------- -------------------- ------------
  Age, y (mean ± SD)                44.4 ± 8.1           33.9 ± 8.6           \<0.01

  Gender (Men/Women)                187/144              325/287              0.24

  Duration of T1DM, y (mean ± SD)   29.3 ± 7.1           16.1 ± 8.4           \<0.01

  Hypertension, *n* (%)             87 (26.3)            105 (17.1)           \<0.01

  Neuropathy *n* (%)                93 (28.1)            113 (18.4)           \<0.01

  Retinopathy                                                                 

   Normal, *n* (%)                  20/80 (25.0)         24/67 (35.8)         0.01

   Background *n* (%)               26/80 (32.5)         27/67 (40.3)         

   Proliferative *n* (%)            34/80 (42.5)         16/67 (23.9)         

  GHbA ~1c~ (mean ± SD)             9.1 ± 2.0            8.5 ± 1.7            0.55
  ----------------------------------------------------------------------------------------

Abbreviations: AC, adhesive capsulitis; GHbA, glycosylated hemoglobin A1c; SD, standard deviation; T1DM, type 1 diabetes mellitus.

Discussion
==========

This study shows that AC is a common disorder in patients with T1DM in Sardinia. It is important to note that the patients examined in our study were enrolled at the same hospital and came from the northwest of Sardinia, where the incidence of T1DM is significantly low compared with other areas of the island. Therefore, our data may underestimate the actual incidence of DM and its complications throughout our region. The geographical distribution of T1DM within the four provinces of the Sardinia was mapped, showing that the highest incidence ("hot spot") was in the middle-western part of the island (Oristano province, 45/100,000) followed by Cagliari (38/100,000), and Nuoro (35/100,000). The province with the lowest incidence ("cold spot") was in the north-western part (Sassari province, 30/100,000) of the island. [@JR1603098-21] Our data report that the presence of AC was highly dependent on the age and the duration of DM, with the prevalence increasing after the age of 40 and 50 years. Our study also showed an association between AC and proliferative retinopathy in T1DM patients, but the correlation was fully explained by age and the duration of DM. Although no significant association was found between AC and the control of DM, the best therapy is prophylaxis with good control of glycemic values.

The presence of idiopathic AC of the shoulder should be established through a correct differential diagnosis versus secondary shoulder stiffness. The condition is diagnosed on clinical symptoms and signs, as there are no reliable diagnostic tests. Definitive diagnosis of AC is achieved only through direct surgical observation. The GH joint capsule is comprised of soft tissue and is therefore not visible on plain radiography. Magnetic resonance imaging (MRI) is not diagnostic for AC but can be helpful in identifying other conditions, such as rotator cuff tendinopathy and subacromial bursitis.

Early mobilization may prevent shoulder motion limitation. All patients with shoulder AC may be followed closely for shoulder motion limitation so that upper extremity function disability may be prevented. However, diabetic patients show a certain resistance to conservative treatment of AC. Morphological examination of pathological capsular tissue samples taken intraoperatively has shown the presence of newly vascularized synovial tissue, while immunohistochemical examination has revealed the presence of vascular endothelial growth factor, which has the capacity to induce intense synovial neovascularization. [@JR1603098-22] Furthermore, a high presence of intercellular adhesion molecule-1 has been found in shoulder capsule tissue of patients with diabetes, correlating with inflammation and fibrosis. [@JR1603098-23]

In conclusion, this study confirmed that AC is a common disorder in Sardinian people with T1DM. It is associated with age and the duration of DM, which explains most of its correlations with diabetic complications.
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